Purpose Unstable posterior fracture-dislocation of the hip is determined by the wall defect or acetabular fracture index. The unstable hip is a result of inadequate posterior acetabular coverage of the femoral head from the posterior acetabular wall fracture. In order to measure total posterior acetabular coverage of the femoral head and avoid using the contralateral acetabulum as a calculation reference, the posterior acetabular arc angle of the femoral head was measured to assess stability of posterior fracture-dislocation of the hip. Methods Using coronal computed tomography (CT) scan of the normal contralateral acetabulum at the level of the widest acetabular diameter and thinnest medial wall of 60 acetabular fractures, posterior acetabular arc angles of the femoral head in intact, 20 % and 50 % defects of posterior acetabular walls were measured. The angles were measured from the acetabular centre to the thinnest medial wall and to the top, inner cortex of 80 % and 50 % posterior acetabular walls. Results Average intact, 80 % and 50 % posterior acetabular walls were 33.82±4.30, 26.88±3.33 and 16.91±2.15 mm which corresponded to 92.25 ± 11.34, 77.42 ± 10.04 and 50.63±6.58°of posterior acetabular arc angles of the femoral head. The intraclass correlation coefficient (ICC) of the measurements including correlation of conversion of posterior acetabular wall depths to posterior acetabular arc angles of the femoral head were more than 0.82 and 0.89.
Introduction
A posterior stable hip depends on adequate posterior acetabular coverage of the femoral head. Unstable posterior fracture-dislocation of the hip is created by posterior acetabular wall fracture. Preoperative coronal computed tomography (CT) scan of the acetabulum for evaluation of the posterior stable or unstable hip is necessary. Determination of the unstable hip in terms of either percentage of the posterior wall defect or acetabular fracture index are currently in clinical use [1] [2] [3] [4] . The defect more than 50 % or acetabular fracture index less than 34 % determines an unstable hip [2, 3] . On the other hand, a defect less than 20 % or acetabular fracture index more than 55 % determines a stable hip [1, 2] . Both measurement techniques include only the posterior acetabular wall and do not include total posterior acetabular coverage of the femoral head. Total posterior acetabular coverage of the femoral head consists of the posterior half of the medial wall and posterior acetabular wall. Moreover, the former measurement techniques need a normal contralateral acetabulum as a reference for calculation. Pythagoras described the principle of circle parts about the central angle and arc [5] . Matta and Merritt used the principle of Pythagoras in terms of acetabular roof arc angles to determine whether there is adequate acetabular coverage of the femoral head in acetabular fractures [6] . In order to measure total posterior acetabular coverage of the femoral head and avoid using a normal contralateral acetabulum as calculation reference, we applied the Pythagoras principle as a method to assess either stable or unstable posterior fracture-dislocation of the hip by determining posterior acetabular coverage of the femoral head in terms of posterior acetabular arc angle of the femoral head and tested the reliability of the measurement techniques.
Materials and methods
The study was carried out after receiving a certificate of ethical approval from the Siriraj Institutional Review Board.
Between 2000 and 2010, one millimetre coronal cut CT scan of the normal contralateral acetabulum of adult patients who suffered acetabular fracture were studied. Exclusion criteria were acetabular deformities, osteoarthritis of the hip and patients who were less than 16 years of age. The study used PAC digital system with measurement tools. One millimetre serial coronal cut CT scans of the normal contralateral acetabulum were viewed and one selected at the level of the widest acetabular diameter with the thinnest medial acetabular wall for the measurements. The measurement technique was designed by the first and fourth authors (TH and TH). An XY line was drawn perpendicularly to the medial wall at the thinnest point of the wall (X). The XY line passed through the centre of the acetabulum and divided the anterior and posterior halves of the acetabulum following the geometry of the circle [5] . A straight PQ line was drawn along the cortex of the medial acetabular wall to the base of the posterior acetabular wall. The centre of the acetabulum was identified by using a Flexicair circle template. Anterior, posterior acetabular walls and XY line were used as references. Firstly, the centre of the circle template was placed into the XY line and slightly adjusted medially and laterally along the XY line, simultaneously moved up and down referring to curves of anterior and posterior acetabular walls to achieve the most appropriate circle template. The most appropriate circle template was reconfirmed by the parallel of the circumference of the circle template with the curve of the medial acetabular wall. Then, the centre of the acetabulum was definitely identified and marked (O) (Fig. 1 ). When the acetabular centre was marked, the distances from the acetabular centre to the middle of the articular curve of the anterior wall (OE) and middle of the posterior wall (OC) were measured. OE and OC represented the radius of the acetabular circle and were recorded for determining the reliability of the acetabular centre. Ratios of OC to OE were calculated and accepted in the range of 0.95-1.03 (ideal ratio is 1) (Fig. 2 ). An intact posterior acetabular wall (AB) was measured as a distance from the top of the wall (B) perpendicular to the PQ line (A). Then, 20 % (AD) and 50 % (AC) defects of the wall were calculated and marked (Fig. 3) . Posterior acetabular arc angles of the femoral head were measured in intact, 20 % and 50 % Fig. 1 The centre of the acetabulum was identified and marked (Fig. 3) . Posterior acetabular arc angles of the femoral head at levels of the intact, 80 % and 50 % posterior acetabular wall were measured as degrees of XÔB, XÔD and XÔC angles, respectively (Fig. 3) . The measurements were performed by two orthopaedic surgeons at sixmonth intervals for inter-and intraobserver evaluation. The data were recorded. Mean, standard deviation and 95 % confidence interval (CI) were calculated. The reliability of the measurements was assessed by inter-and intraobserver error with an intraclass correlation coefficient (ICC); especially the acetabular centre was tested for reliability by using the measurement of OE and OC. The ICC of all measurements more than 0.75 were considered as strong reliability [7] . The constant values as the ratio of conversion from intact, 80 % and 50 % posterior acetabular walls in millimetres to degrees of posterior acetabular arc angles of the femoral head were calculated and correlation was analysed by Pearson correlation coefficient and more than 0.7 considered strong correlation [8] . Table 1 ). The statistical analysis showed that the measurements including reliability of the acetabular centre exhibited ICC more than 0.82 for inter-and intraobserver reliability (Table 1) . Constant values of conversion from posterior acetabular wall depth to degrees of the posterior acetabular arc angles of the femoral head at levels of intact, 80 % and 50 % posterior walls were 2.76±0.43 (1.92-3.80), 2.91± 0.47 (2.05-3.93) and 3.04±0.52 (2.22-4.46), respectively ( Table 2) . Pearson correlation coefficients of the constant values among the conversions of the three levels were more than 0.89 (Table 3) .
Results

CT
Discussion
The acetabulum and femoral head have a circular shape and concentric articulation. Hence, the centres of the acetabulum and femoral head are the same point. In unstable posterior fracture-dislocation of the hip, the femoral head displaces posteriorly. So, degrees of the posterior acetabular arc angles of the femoral head were measured by using the acetabular centre as the apex of the angle instead of the femoral head centre. The identification technique of acetabular centre can be applied even in cases of posterior acetabular wall fracture, because anterior and medial walls including the remaining part of the posterior acetabular wall can also be used as references. Moreover, measurement of the posterior acetabular arc angle of the femoral head from a coronal CT scan can be performed although there is obliquity of the pelvis, because the acetabulum has a circular shape and the technology of the CT scan can adjust and reconstruct CT images for correction of pelvic oblique position. The level of the CT cut was selected at the thinnest medial wall and widest acetabulum for measurements. This level represented the centre of the acetabular medial wall and maximal acetabular coverage of the femoral head. The posterior acetabular arc angle of the femoral head was measured by using the acetabular centre as the apex of the angle which covered The measurement technique includes total posterior acetabular coverage and needs no normal contralateral acetabulum as calculation reference which is different from acetabular fracture index [2] . Our study selected 20 % and 50 % posterior acetabular wall defects to represent stable and unstable posterior hips from posterior acetabular wall fracture as standard recommendation [1, 3, 4] . The results showed that posterior acetabular arc angles of the femoral head at levels of 20 % and 50 % wall defects were 77.42 and 50.63°on average. The reliability of measurements in the study were assessed using ICC and Pearson correlation coefficient and more than 0.70 was considered strong agreement and correlation [7, 8] . The results showed that the acetabular centre was confirmed reliably by using ICC of OE and OC which represented the radius of the acetabular circle. The ICC showed more than 0.82 which indicated strong reliability [7] . Moreover, the ratio of OC to OE ranged from 0.95 to 1.02 which was in the accepted range of the study. For the other measurements including depth of posterior acetabular wall and posterior acetabular arc angle of the femoral head, the statistical analysis showed strong inter-and intraobserver reliability with an ICC of more than 0.82. The constant values of conversion of the posterior acetabular wall depth to posterior acetabular arc angles of the femoral head had a Pearson correlation coefficient of more than 0.89, which indicated strong correlation [8] , all of which confirmed that conversion of posterior acetabular wall depth in millimetres to degrees of the posterior acetabular arc angles of the femoral head is reliable.
In conclusion, the study showed that the posterior acetabular arc angle of the femoral head is a reliable method to assess stability of posterior fracture-dislocation of the hip from posterior acetabular wall fracture and needs no normal contralateral acetabulum as calculation reference. Either stable or unstable posterior acetabular wall fracture can be assessed by more than 77 degrees or less than 50 degrees of posterior acetabular arc angles of the femoral head instead of less than 20 % or more than 50 % posterior acetabular wall defects, respectively.
